Three scenarios are proposed to understand the jumps of the projected pulsar semimajor axis in periastron passages observed via 13-year timing for PSR B1259-63. Planet-like objects are suggested to orbit around the Be star, which may perturb gravitationally the pulsar (with probably a low mass) when it passes though the periastrons. An accretion disk should exist outside the pulsar's light cylinder, which acts a spindowm torque on the pulsar due to the propeller effect. The observed negative braking index and the discrepant timing residuals close to the periastrons could be relevant to the existence of the disk with varying accretion rates. It is suggested that the accretion rate may increase at a long timescale in order to obtain a negative braking index.
Introduction
Pulsars are clocks with great precision, with which one can probe astrophysical processes. This is very successful in the studies of dynamical systems (both general relativistic and Newtonian) and pulsar interiors (glitches). 13-year timing is obtained (Wang et al. 2004) for the unique pulsar PSR B1259-63 having a massive companion with circumstellar disk. Unfortunately, even a plausible mechanism to account for the timing behavior observed is still not offered, as was concluded by Wang et al. (2004) . PSR B1259-63 was discovered in a survey of the Galactic plane by Johnston et al. (1992) , but determining its timing properties is not easy. Manchester et al. (1995) fitted the timing data by introducing ∆P/P ∼ 10 −9 at each periastron (likely the result of propeller torque spindown). Wex et al. (1998) presented a timing model with the inclusion of changingω andẋ terms, which are still failed to accurately describe the 13year data (Wang et al 2004) .
In the model of Wang et al. (2004) , jumps in projected semimajor axis at periastrons are found.
One may probe the circumstellar disk nature of pulsar-like stars with PSR B1259-63. Recent studies show that propeller disks around such stars may play an important role for various astrophysical objects, including anomalous X-ray pulsars and soft γ-ray repeaters (AXP/SGRs, e.g., Chatterjee et al. 2000) and compact center objects (CCOs, Xu et al. 2003) . PSR B1259-63, as an ideal "laboratory", can be studied with great precision, and could now be the only one for us to study pulsar's disk with material replenishment.
The x-jump scenarios proposed
The orbital inclination angle i = sin
, not to be sensitive to the pulsar mass M p , for the companion Be star with mass M c = 10M ⊙ and the mass function f (M p ) = 1.53M ⊙ . The total orbital angular momentum L for a Keplerian orbit reads
for the PSR B1259−63 system when
, where a is the maximum binary separation and the projected pulsar semimajor axis
. Whereas, the spin angular momentum of the Be star could be approximated as
where the Be star is rotating at f times of its Kepler frequency Ω k ≃ GM c /R 3 c , f = 0.5f 0.5 , the Be star radius R c = 6R ⊙ R c6 . It is evident that the momentum of L and S c are comparable. It seems not so difficult to change L (but may keep L almost the same) by spin-orbit coupling occasionally (i.e., transferring orbital momentum to spin one, or vice versa).
As noted by Wang et al. (2004) , that the x-jumps being interpreted as changes in semimajor axis a p is not likely. Assuming a constant a p , one has the inclination angle change
where ∆x p = 10ms c ∆x p10 , with c the speed of light. If |L| is the same, the orbital angular momentum change, which is nearly perpendicular to L, is
which shows ∆L ≪ L.
No i-change can occur if mass-distribution is symmetric with respect to the orbital plane. Note that the i-change should be only one sign as long as the asymmetric pattern of massdistribution is almost the same (e.g., the case in which an asymmetric pattern originates only from an angle between the spin axis of Be star and the orbit normal). One have therefore to find certain mechanisms to cause asymmetric mass-distribution which is changeable.
Asymmetric mass-distribution of the Be star. The distance between the periastron and the star is r p ∼ 24R c ≫ R c , and the angular momentum acting on binary system could be estimated to be δL
if the Be star has a random dipole mass-momentum µ ⊥ (being perpendicular to the orbital plane) by stellar oscillations, where τ is an effective acting time. In order for δL ∼ ∆L, one should have a dipolar mass-momentum in the Be star, the vertical component of which (i.e., to be perpendicular to the orbital plane) could be
As µ ⊥ ∼ δM c R c , one can then have the Be-star mass difference between above and below the orbit plane, δM c ∼ 10
Stars are dynamically not static, but oscillate near their equilibrium states. For nonrotating stars, the adiabatic nonradial oscillations are separated to be two modes: socalled pressure modes and gravity modes. The local speed of sound is v s ∼ kT /m ∼ 10 8 T
1/2 8
cm/s for temperature T = 10 8 T 8 K and averaged mass of particlesm = 0.7 amu, if the stellar matter is approximately an ideal classical gas. If the scale height for T 10 8 K is order of R * = 6R ⊙ , the maximum oscillation period of p-modes could be
hours. The oscillation periods of g-modes are not so easy to estimate, but are generally much longer than P p . For rotating stars, Rossby waves (also called as rotation modes) exist. It is thus very possible that the Be star could oscillate with periods from hours to a few ten-days. Observationally, the classical Cepheid variable stars could have masses between (4 ∼ 14)M ⊙ and oscillate at periods of (1 ∼ 50) days.
The i-change happens if the mass-momentum due to oscillations satisfies Eq.(6). But this is very sensitive to the oscillation amplitudes. The oscillations could be enhanced if they are resonantly (e.g., when the ratio of the orbital period to an oscillation period is an integer) excited by the orbiting pulsar (Witte & Savonije 1999) . In addition, chaotic orbital dynamics near the periastron could also be possible in this case (Mardling 1995) , which results in a random transfer of angular momentums between comparable values of L and S c (Eq.(1-2)). The research of stellar structures and evolution of massive stars, especially their oscillation behavior, might further make clear the periastron behavior in this scenario.
Planet abound the Be star? Both observational and theoretical conclusions of massive star formation and evolution are not certain. Nevertheless, a general view for B-spectral class stars could be as following: after gravitational collapse of a molecular cloud, a massive star may form inside the cloud, with dense dusty circumstellar disk and strong bipolar outflow; the star could then become a socalled young Herbig Be star if it still embedded in a nebula (Fuente et al. 2003) ; it would then evolve to be a normal Be star (like SS 2883, the one PSR B1259-63 orbits around, without nebula), the outflow is weak (or tenuous polar wind), and its disk becomes more and more less massive; the star becomes a B star when the disk disappears (like the companion star of PSR J0045-7319).
One may speculate naturally that planet-like objects (planets, protoplanets, or planetesimals) could form in the dusty disks of Be stars, with high eccentric orbits. The number of such objects and thus the total mass decreases due to being captured, disintegrated, or evaporated by their hot Be stars. Recently, evidence for planetesimal (with asteroidal size) infalling onto a very young (∼ 10 5 years) Herbig Be star LkH α 234 was reported (Chakraborty, Ge & Mahadevan 2004) , and more than 100 extrasolar planets, with masses ∼ (1 − 10)M Jupiter , have been discovered by radial-velocity surveys (Tremaine & Zakamska 2004) .
PSR B1259-63 would be perturbed by the gravity of one or more solid bodies (planets, protoplanets, or planetesimals) near the periastron if they orbit around the Be star with semimajor axis being much smaller than a p . However, if the pulsar is conventionally though to be with normal mass ∼ 1.4M ⊙ , the perturbation should be negligible. Nonetheless, as pulsars could be quark stars and their masses can be much smaller than ∼ M ⊙ (Xu 2005) , the perturbation might be strong enough for the x-jumps observed if PSR B1259-63 is a low-mass quark star. The orbital angular momentum of a planet around the Be star is L planet ∼ 2 × 10 47 M J a 1/2 100 g cm 2 /s, where the planet mass is M J × M Jupiter and its simimajor axis is a 100 × 100R ⊙ . From Eq.(4), one sees ∆L and L planet are comparable if
10 M ⊙ , and a significant x-jump is then possible by gravitational perturbation of planet-like objects if M p < M p0 .
Another possibility could not be rule out, that the planets could be strange planets (i.e., strange quark matter with planet masses M Jupiter ∼ 10 −6 M ⊙ ) which were born during the first supernova explosion (Xu 2005) . These kind planets do not evaporate, and can thus exist for a long time.
Asymmetric mass distribution of the disk. The existence of Be star disk is an obvious asymmetry with respect to the orbital plane. But this can not cause sign-changed x-jumps if the disk is almost homogenous. However, if density-wave pattern can be excited (e.g., by the pulsar or planets) in the disk, like the case of the Saturn's ring structure affected by the satellite Mimas, angular momentum may transfer between the orbiting pulsar and the disk in the periastron passages, which might result in x-jumps. But it seems difficult to erase this effect (if it exists) just as the pulsar passes a little bit away from the Be star's disk.
Propellers in a radio pulsar phase?
One strange feature is that the braking index observed is −37 after a long timing of 13 years for PSR B1259-63, but the indices are between 1.4 and 2.9 (near 3) for 5 pulsars' observations with great certainty (Xu & Qiao 2001) . It is true that the data-fitting is improved significantly when x-jumps at periastron passages and a pulsar glitch near MJD 50691 are included, but a few points close to the periastrons are still discrepant systematically. This could be due to errors in the DM correction (Wang et al. 2004 ). An alternative explanation presented below for the unusual braking index as well as the timing residuals is that the pulsar may capture SS 2883's circumstellar matter to form a disk which results in a torque being antiparallel to the pulsar's spin.
By observing the unpulsed radio emission at four different bands, Johnston et al. (2005) conclude that the pulsar passes through the dense circumstellar disk of the Be star just before and just after periastron. It is an intuition that accretion occurs when the pulsar passes through the disk. Accretion of infalling matter with negligible angular momentum were considered by Kochanek (1993) and Manchester et al. (1995) , in which the pulsar losses its angular momentum in order for the infalling matter to obtain enough angular momentum for escaping. Besides the spinning down, the no-angular-momentum accretion may also affect pulsar orbit parameters through frictional drag (Wex et al. 1998) . However, if the material captured carries significant angular momentum, disk accretion around the pulsar is possible. To make this more precise, one should calculate the socalled circularization radius to see if the accreted matter has sufficient angular momentum for disk formation to occur.
Accretion disk formation around PSR B1259-63.
The cylindrical radius, r acc , within which a pulsar with mass M p can gravitationally capture medium with a relative velocity v rel can be estimated as
where v rel100 = v rel × 100 km/s. Whereas, the radius of PSR B1259-63's light cylinder is only r lc = cP/(2π) = 2.3 × 10 8 cm. If the accretion is of the Be star's wind with velocity v w ∼ 500 km/s, the circularization radius (Frank et al. 2002) 
in this case is only
p1 cm, being much smaller than pulsar's radius, where Ω orb = 2π/P orb . Therefore a disk around the pulsar is likely not to form by Be star's wind accretion 1 .
However, if the gas in the Be star's disk moves in Keplerian orbit and the pulsar has an orbital velocity near periastron of v peria ∼ 75 km/s, the accretion radius r acc for medium inside and outside the periastron is different. The Keplerian velocity at radius of periastron (r p ∼ 24R c ∼ 10 13 cm) is v k = GM c /(24R c ) ∼ 115 km/s, but the sonic speed of the line-emission disk with temperature ∼ 10 4 K is only v s ∼ 10 km/s ≪ v k . We will then neglect the pressure of disk material in the following consideration. Assuming that the pulsar orbits at a same direction as that of the circumstellar medium around the Be star, for M p = 1M ⊙ , the Keplerian velocity at the accretion boundary outside or inside the periastron is v k = GM c /(24R c ± r acc ), with the inclusion of Eq. (7) and r rel = v k − v peria , one can find r acc ∼ 3.3 × 10 13 cm and ∼ 3.1 × 10 12 cm for outside and inside the periastron, respectively. The specific angular momentum 2 is then order of r acc (v k − v peria ), and the circularization radius is then R d circ ∼ 3 × 10 11 cm for r acc ∼ 10 13 cm, being much larger than r lc . One can still have R d circ ∼ 10 11 ≫ r lc even for a small pulsar mass to M p = 10 −3 M ⊙ (r acc ∼ 1.3 × 10 13 cm and ∼ 6.6 × 10 9 cm for outside and inside the periastron, respectively, in this case). Therefore accretion disk can form around the pulsar in case of the circumstellar disk of the Be star is Keplerian, even without the inclusion of magnetospheric interaction.
Propeller torque and the pulsar's spindown. For simplicity, we assume 3 the angular momentum of the pulsar's disk to be parallel to the spin axis of PSR B1259-63. If the circumstellar matter around the Be star is a hydrogen plasma, the mass density could be (Wex et al. 1998) ρ(r) ≃ 7.5 × 10
where the Be star's radius R c ∼ 6M ⊙ . When the pulsar pass through the dense disk near periastron, an accretion rate could be estimated to bė
where we choose v rel ∼ (v k − v peria ) ∼ 50 km/s for simple estimates. The pulsar could then accrete ∆M ∼ 9 × 10 21 M 2 p1 g for ∼ 20 day accretion during each periastron passage. An effective accretion rate averaged over the orbital period could beṀ ≃ (20 days/P orb )Ṁ 0 .
The magnetic momentum could be estimated from Ω = 2π/P andΩ,
for a pulsar with radius R p and mass
g/cm 3 for quark stars with mass <∼ M ⊙ ). The magnetospheric radius could then be
which is likely much larger than r lc , and is thus ≫ r co . Lower pulsar mass results in higher ratio of r m /r lc (Fig. 1) . This means that the accretion with a rate even ofṀ ≃ 5 × 10 15 g/s can not drive matter to reach the pulsar surface, but is in a propeller phase. The fastness parameter is then ω s = Ω/Ω k (r m ) = (r m /r co ) 3/2 ≫ 1, where the pulsar's corotation radius is r co = 1.97 × 10 7 cm, Ω k (r m ) = GM p /r 3 m is the Keplerian angular frequency at r m . That r m ≫ r lc could be a direct cause for PSR B1259-63's being a radio pulsar.
The magnetospheric interaction between a pulsar and its surrounding disk is still not understood well. Menou et al. (2001) discussed disk torque for the case of r m ∼ r lc , and recognized that the torque would likely be largely reduced or entirely suppressed if r m ≫ r lc . Both the magnetodipole radiation and the propeller effect may result in the pulsar's spindown,Ω = −AΩ 3 − εBṀ 3/7 Ω,
p1 /I, where I = 2M p R 2 /5 is the momentum of inertia, and the propeller torque,Ω = −2Ṁ r 2 m Ω/I of the second term in Eq.(12), proposed by Menou et al. (1999) is applied, with a suppression factor ε being introduced. The magnetodipole torque is generally smaller, but almost in a same order, than that of propeller one for ε = 1. In other words, the magnetodipole torque is generally larger than that of propeller one for ε < 0.1. One can also calculate the braking index from Eq.(12),
SinceΩ < 0, it is evident that the braking index n > 0 for an accretion with constant rate, M = 0. However, the observed index is negative, n = −36.7 < 0, which means the effective accretion rate increases,M > 0.
Since the accretion rate derivative,M , and the suppression factor, ε, are two parameters unknown hitherto, let's find the relationship betweenM and ε, in order to explain the observed braking index n = −36.7. This can be numerically calculated by Eq.(13), which is shown in Fig. 1 . It is found that high ε and/or low pulsar-mass (M p ) would result in a smallM . As the averaged accretion rate ofṀ = (20 days/P orb )Ṁ 0 ∼ 8 × 10 13 g/s, the value ε could be 10 −2 for M p ∼ M ⊙ (Ṁ varies at lest one order small during one orbital period in this case).
The change of accretion rate in long timescale ( P orb ) is considered in last paragraph. It is natural to suggest that the accretion rate increases also before (but decays soon after) periastron, e.g., exponentially, in a form ofṀ ∼Ṁ 0 e ±t/τ , in a short timescale ( P orb ). This short-term variation ofṀ could affect significantly the timing behaviors close to periastrons, which could be the reason that a few timing points have systematical discrepancy at the periastron passages.
Conclusion and Discussion
A few scenarios for understanding the x-jumps at periastrons are presented, including asymmetric mass-distribution by the Be star's oscillations, planet-like objects around the Be star, and density-wave pattern in the Be star's disk excited by objects orbiting the Be star. We show that there is an accretion disk around the rapidly rotating, strongly magnetized pulsar, and that the inner region of disk is beyond the pulsar's light cylinder. Propeller torque would therefore result also the pulsar spindwon, besides that due to magnetodipole radiation, though it may be suppressed by a factor ε. The accretion rate should increase at a timescale of P orb in order to explain the negative braking index n = −36.7, but the reason of this increase is not sure (maybe due to a secular changing of a p via tidal effects). Timing models with the inclusion of disk propeller effects would be necessary for fitting the timing data, and further observations may check the model in turn.
PSR J0045-7319 binary system (Kaspi et al. 1996 ) is similar to that of PSR B1259-63, where tidal interactions may be enhanced near periastrons (Witte & Savonije 1999) . But why are their timing behaviors so different? This could be due to (1) the differences of pulsar masses (M 1259 ≪ M 0045 ?), (2) the differences of company masses (M c 1259 > M c 0045 ), and (3) the different evolutional stages of the companies (a younger Be star may oscillate with higher amplitude, or, planet-like objects could be captured or evaporated by an old B star).
A very negative braking index might be a feature of the disk propeller toques. Long-term timing of AXP/SGRs and CCOs is proposed to see if there are propeller disks around them. orb ),M , is computed as a function of pulsar's mass in order for the observed braking index to be -36.7 by Eq.(13). Each curve is for a different value of ε, the meaning of which can be found in Eq.(12). In the calculation, we have averaged accretion rate ofṀ = (20 days/P orb )Ṁ 0 , assuming the pulsar keeps 20-day accretion with rate ∼Ṁ 0 . The dotted line shows the magnetospheric radius r m in unit of the light cylinder radius r lc . It is shown that r m /r lc ≃ 5.5 for M p = M ⊙ , but increases as M p decreases.
A much low braking index may favor the disk models for these objects. In addition, this work is implicational for studying long-term timing behavior of radio pulsars with propeller disks formed from either supernova fallback of young neutron stars or interstellar medium medium accretion of old ones (probably near the death line in P −Ṗ diagram).
